We examined the psychometric properties (internal consistency, concurrent criterion validity, and known-group validity) of the Loewenstein Occupational Therapy Cognitive Assessment (LOTCA) in people with intellectual disabilities. A total of 111 people with intellectual disabilities and 19 people with no disabilities were included. We used Cronbach's alpha, Spearman's rho, the Kruskal-Wallis test, and one-way analysis of variance for analysis, where appropriate. Results showed good internal consistency on Orientation, Visual Perception, Spatial Perception, Visuomotor Organization, and Thinking Operations subscales (Cronbach's αs = .82, .74, .76, .86, and .80, respectively), but not on the Motor Praxis subscale (α = .48). We found significant correlations between participants' performance on the Pictorial IQ test and disability level and scores on the LOTCA. The known-group validity of the LOTCA in people with intellectual disabilities was satisfactory. We concluded that the LOTCA is a suitable instrument for measuring cognitive abilities and visual perception in people with intellectual disabilities.
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Since the enactment of the Physically and Mentally Disabled Citizens Protection Act (1980) and the Act of Special Education (1984) , cognitive evaluation tools have increasingly been used in Taiwan to assess clients' cognitive functions, design employment services, and develop individualized educational plans for vocational rehabilitation and educational programs. Conventionally, the Wechsler Adult Intelligence Scale (WAIS; Wechsler, 1997) and other intelligence tests have been used to measure IQ. Such tests may not be suitable for people with moderate or severe disabilities because they require some ability to follow commands, nor can such tests accurately predict how a person's abilities and deficiencies will affect his or her management of everyday occupational tasks. Therefore, an assessment tool is needed that is psychometrically sound and can be used to help plan interventions for people with disabilities (Askenasy & Rahmani, 1988) .
The Loewenstein Occupational Therapy Cognitive Assessment (LOTCA) was based on cognitive neuropsychological and developmental theories and on the developers' clinical experience (Itzkovich, Elazar, Averbach, & Katz, 2000) . The LOTCA was designed to measure the basic cognitive abilities and visual perception of clients ages <70 with neurological dysfunction and provide a profile of the client's cognitive status to establish a baseline for the purpose of planning intervention goals and monitoring changes during treatment. Test completion of the LOTCA requires that examinees use only simple verbal or motor responses. The LOTCA also provides alternate methods of administration for examinees with expressive language problems. Katz, Itzkovich, Averbuch, and Elazar (1989) found the LOTCA to be a reliable and valid measure of visual perception and cognitive abilities in adults with brain injuries and healthy controls. Interrater reliability coefficients were found to range from .82 to .97 for its six subscales. The Katz et al. (1989) study and one other (Najenson et al. 1984) found internal consistency and construct validity for the LOTCA's three areas of perception, visuomotor organization, and thinking operations. Katz et al. (1989) , in their study of patients with cerebral vascular accidents and traumatic brain injuries, found the instrument to be valid in differentiating between patients, control participants, and known groups for all subscales with the exception of identification of objects.
Age-level standards of the LOTCA were determined on the basis of the performance of 240 normal elementary school-age children (40 children in six groups between ages 6 and 12 years; Itzkovich et al., 2000) . Itzkovich et al. found a clear developmental sequence in performance along LOTCA items and verified the hierarchical order of acquiring the cognitive competencies tested in the battery.
Although the LOTCA was originally developed for clients with brain injuries, because of its clinical usefulness, it has been widely used in different countries and used to assess the cognitive abilities of psychiatric clients, elderly people, people with spinal cord injuries, underachieving students, and children (Annes, Katz, & Cermak, 1996; Averbuch & Katz, 1988; Cermak et al., 1995; Katz, Champagne, & Cermak, 1997; Su et al., 2000; Su, Chen, Chang, Tsai, & Lin, 2007; Uyanik, Aki, Düger, Bumin, & Kayihan, 1999) . It has not, however, been used to evaluate the cognitive abilities of people with intellectual disabilities (ID) having a diagnosis of mental retardation or developmental disability. The relationship between cognitive abilities and lack of abilities in performing daily routine and work activities has been the subject of considerable investigation in recent years. Therefore, an easy-to-administer and valid instrument for assessing cognitive abilities is needed, especially for those with moderate to severe ID.
In this psychometric study, we evaluated the use of the LOTCA in assessing the cognitive abilities of people with ID in vocational rehabilitation and educational settings by analyzing its internal consistency, concurrent criterion validity, and known-group validity when applied to people with ID. Our four research questions were as follows: (1) 
Method

Participants
Participants consisted of one group with ID and a second group with no disabilities (ND). Participants were included if they were ages ≥15 and had a level of consciousness that would not restrict them from completing the assessment process.
ID group. A convenience sample of 112 participants with ID was recruited between 2000 and 2002 from two special schools for people with ID (n = 71) and three employment service institutes for people with ID (n = 40). Of the 112 people recruited, we excluded 1 from the study because of an inability to follow test instructions. The 111 ID group participants consisted of 67 men and 44 women (mean age = 19.4 years, standard deviation [SD] = 2.5, range = 16-28). The ID group was further subdivided into three disability groups (mild, moderate, and severe ID) on the basis of their government-issued disability identification cards. A group of experts, including occupational therapists, psychiatrists, and psychologists, classified the disability groups using the following criteria: IQ scores as determined by the WAIS or other IQ test or observing the participants' performance in daily routine and work activities when they could not be evaluated by standardized IQ tests. The mild ID group consisted of 36 participants with IQ scores ranging from 55 to 69 or who were found able to perform daily routines and semiskilled work activities (adjusted IQ age = 9-12). The moderate ID group consisted of 53 participants with IQ scores ranging from 40 to 54 or who were found able to perform daily routines and simple work activities under supervision (adjusted IQ age = 6-9). The severe ID group consisted of 27 participants with IQ scores from 25 to 39 or who were found unable to perform daily routines and work activities without assistance (adjusted IQ age <6).
ND group. Comparisons of subscale scores with the normative data may determine intact or impaired performance on each LOTCA subscale and may provide an overall profile of the subscale scores useful for interpreting test results. Thus, to assess the known group validity of the LOTCA, we recruited 19 ND participants with a mean IQ of 112 (range = 91-124) from local high schools or technical high schools. This group included 9 boys and 10 girls (mean age = 16.8 years, SD = 0.8, range = 15-18).
No statistically significant differences occurred between the ND and ID groups in terms of gender (χ 2 [1] = 1.13, N = 130, p = .287); however, the ND group was significantly younger than the ID group (corrected t [91.29] = 8.73, p < .001).
Instruments
We used two instruments to collect data: the LOTCA (Itzkovich et al., 2000) and the Pictorial IQ test (Hsu & Lu, 1995) . The LOTCA, a performance test, contains 26 items categorized into six subscales: Orientation (2 items), Visual Perception (4 items), Spatial Perception (3 items), Motor Praxis (3 items), Visuomotor Organization (7 items), and Thinking Operations (7 items). We scored performance on the LOTCA on a Likert-type scale ranging from 1 to 4 (with the exception of Items 1-8 regarding orientation place and time and Items 1-5 regarding categorization, Riska Object Classification [ROC; Williams & Allen, 1985 ] unstructured, and ROC structured). The higher the scores were, the better the performance was. Because it is not meaningful to sum unrelated areas of cognitive and perceptual skills, we did not calculate a total score for the LOTCA. The time each participant took to complete the Visuomotor Organization subscale and the LOTCA was recorded as a proxy of the participant's information-processing speed. The LOTCA was administered and scored using the test manual's instructions (Itzkovich et al., 2000) .
Instruments similar to the LOTCA in test construct that may be used for practice and research in Taiwanese school or vocational rehabilitation settings are lacking. For purposes of validation of the LOTCA, we used the Pictorial IQ test as a criterion. The Pictorial IQ test, a paper-andpencil nonverbal IQ test, is a standardized and validated tool designed to measure the concrete and abstract reasoning abilities of children ages >9. We used this test to evaluate the ability to determine relationships between figures or pictures and to organize, analyze, induce, and summarize nonverbal information. This instrument, which is widely used in elementary and middle schools in Taiwan, consists of three subscales: Induction (22 items), Reasoning (32 items), and Completion (25 items). For the Induction subscale, an item consists of a set of five pictures, four of which depict things that are alike in a particular way and one of which is different. The examinee's task is to identify the picture that is different. On the Reasoning subscale, the examinee is asked, according to the relationship between the first pair of pictures presented, to identify one picture from the answer key that can make the second pair of pictures have the same relationship as the first pair. For the Completion subscale, the examinee's task is to find a figure to complete a sequence of figures. Final scores are derived from the sum of all correctly answered items and transformed into IQ scores on the basis of differences from the norm. The test takes 30 min to complete and has been found to have acceptable test-retest reliability, internal consistency, and criterion and predictive validity in populations without disabilities (Hsu & Lu, 1995) .
Procedures
The study was approved by the Ethics Committee of National Taiwan University Hospital. During a 2-day orientation to the LOTCA and Pictorial IQ test, five occupational therapists were trained to administer the test and score participants' performance. They read the manual and tested three healthy volunteers for practice. Before the study, interrater reliability was established (intraclass correlation coefficient ranging from 0.83 to 1.0).
Participants and their guardian(s), teachers, or employment service workers were introduced to the general testing procedures of the LOTCA and the Pictorial IQ test and signed informed consents before enrollment in the study. Participants and their guardian(s), teachers, or employment service workers were allowed to withdraw at any time during the study. Participants first completed the Pictorial IQ test and were then tested on the LOTCA.
Data Analysis
Because of the ordinal nature of the LOTCA data, we used nonparametric statistical procedures and appropriate descriptive statistics for data analyses. We performed frequency analyses at both the LOTCA subscale and item level to evaluate the difficulty of the test items and identify problematic items. We considered the frequency of the lowest raw score for an item or a subscale as the floor and the frequency of the highest as the ceiling. Floor and ceiling effects exceeding 20% of sample size were considered to be significant (Holmes & Shea, 1997) . If an item or a subscale had a ceiling effect, it meant that this item or subscale was too easy for this population. If an item or a subscale had a floor effect, it indicated that this item or subscale was too difficult for this population. If a scale has ceiling or floor effects, it will not be sensitive and will not be capable of discriminating between different groups (Fayers & MaChin, 2000c) .
We used confirmatory factor analysis based on the principal-components analysis method to confirm the grouping of items within the six LOTCA subscales. We used Cronbach's alpha coefficient (Cronbach, 1951) to measure the internal consistency of items within each of the LOTCA subscales after the completion of factor analysis. Cronbach's alpha values >.70 indicate acceptable internal consistency (Fayers & MaChin, 2000a , 2000b .
We used Spearman's rho correlation coefficients for the means of the various LOTCA subscales, IQ scores transformed from the scores of the Pictorial IQ test subscale, and disability level to examine the LOTCA's concurrent criterion validity. Spearman's rho values ranging from .4 to .8 represented acceptable concurrent criterion validity (Streiner & Norman, 1995) .
We used known-group validity to examine differences between groups completing the same instrument and the Kruskal-Wallis test (Portney & Watkins, 2009b) to test the ability of the item scores and the subscale scores to discriminate among groups with different levels of disability. We used the Mann-Whitney U test (Portney & Watkins, 2009b) to compare differences between the groups. To examine whether the ND and ID groups showed significant differences in the amount of time needed to complete the Visuomotor Organization subscale and the whole test, we conducted a one-way analysis of variance and Tukey's honestly significant difference post hoc analysis (Portney & Watkins, 2009a) . We performed all statistical analyses with SPSS for Windows (Version 11.0; SPSS, Inc., Chicago).
Results
Scale Design
For the entire ID sample, the mean scores of the LOTCA subscales were as follows: Orientation, 10.7 (SD = 4.2, median [Mdn] = 11.0); Visual Perception, 14.7 (SD = 1.9, Mdn = 15.0); Spatial Perception, 7.9 (SD = 2.9, Mdn = 8.0); Motor Praxis, 9.6 (SD = 1.8, Mdn = 10.0); Visuomotor Organization, 17.4 (SD = 5.7, Mdn = 18.0); and Thinking Operations, 15.5 (SD = 5.3, Mdn = 15.0; see Table 1 ). The scores spanned the entire range, and the median was close to the mean, indicating that the distributions of these subscale scores were symmetric. In the item analysis shown in Table  1 , most items belonging to the Orientation, Visual Perception, Spatial Perception, and Motor Praxis subscales had ceiling effects, but those belonging to Visuomotor Organization and Thinking Operations had floor effects.
We also performed scale validation, confirmatory factor analysis, internal consistency, and subscale intercorrelations for the LOTCA in this population. Table 1 shows the results of the confirmatory factor analysis. The percentages of variance accounted for by the one factor generated for each of the LOTCA items in the Orientation, Visual Perception, Spatial Perception, Motor Praxis, Visuomotor Organization, and Thinking Operations subscales were 84.6%, 56.6%, 67.5%, 49.1%, 53.9%, and 45.9%, respectively. Except for the Motor Praxis subscale, which had an alpha of .48, all other LOTCA subscales had acceptable internal alpha coefficients (see Table 1 ).
Concurrent Criterion Validity
As shown in Table 2 , each of the six LOTCA subscales were significantly correlated with each other (Spearman's rho correlations ranged from .36 to .73). The Spearman correlation coefficients ranged from .42 to .63 between the subscale means of the LOTCA and the mean scores on the Pictorial IQ test (see Table 2 ), indicating moderate to good concurrent validity, with the exception of the Visual Perception subscale (Spearman's ρ = .26). In our examination of the association between means of the LOTCA subscales and disability level within the participants with ID, Spearman's correlation coefficients ranged from .34 to .49, indicating fair concurrent validity. Table 3 shows the mean performance and the results of the Kruskal-Wallis test with post hoc Mann-Whitney U tests on all LOTCA items for the four groups. As predicted, the ND group scored the highest on all items and the severe ID group scored the lowest. The ID and ND groups showed significant differences on all items, with the exception of the object identification item. The mild ID group and the moderate and severe ID groups showed significant differences on 22 of 26 items, with the exception of the shape identification, spatial relations on picture, reproduction of a puzzle, and ROC unstructured items. The moderate and severe ID groups showed significant differences in orientation time, overlapping figures, directions on client's body, and drawing a clock.
Known-Group Validity
Results also showed that participants with ID performed significantly more slowly than participants with ND. No significant differences occurred among the ID groups with regard to the time required to complete items on the Visuomotor Organization subscale or the entire test. Use of objects 4.0 ± 0.0 3.9 ± 0.3 3.8 ± 0.6 3.7 ± 0.5 9.84* 1 > 4 2 > 4
Symbolic actions 3.9 ± 0.3 2.9 ± 1.0 2.2 ± 1.1 2.1 ± 1.1 36.72*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4
Visuomotor Organization 27.7 ± 0.5 20.6 ± 5.3 16.5 ± 5.2 14.6 ± 5.2 61.57*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4
Copying geometric forms 4.0 ± 0.2 3.1 ± 0.6 2.4 ± 0.7 2.1 ± 0.8 62.06*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4 Two-dimensional model 4.0 ± 0.0 3.3 ± 0.8 2.8 ± 1.1 2.6 ± 1.1 27.94*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4
Pegboard construction 4.0 ± 0.2 2.9 ± 1.2 2.1 ± 1.1 2.5 ± 1.3 31.55*** 1 > 2, 1 > 3, 1 > 4 2 > 3
Colored block design 4.0 ± 0.0 3.1 ± 1.1 2.6 ± 1.2 2.2 ± 1.2 34.98*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4
Plain block design 4.0 ± 0.2 2.5 ± 1.2 1.7 ± 1.1 1.7 ± 0.9 48.33*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4
Reproduction of a puzzle 4.0 ± 0.0 2.5 ± 1.2 2.2 ± 1.1 2.1 ± 1.1 36.08*** 1 > 2, 1 > 3, 1 > 4
Drawing a clock 3.9 ± 0.3 3.1 ± 1.1 2.6 ± 1.2 1.4 ± 0.8 46.93*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4 3 > 4
Thinking Operations 29.5 ± 1.2 19.2 ± 4.3 14.3 ± 4.8 13.3 ± 5.5 66.35*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4 Categorization 4.8 ± 0.7 2.9 ± 1.5 1.9 ± 1.0 1.8 ± 1.2 50.49*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4 ROC unstructured 4.2 ± 0.5 3.5 ± 0.8 2.9 ± 1.3 3.0 ± 1.3 20.71*** 1 > 2, 1 > 3, 1 > 4 ROC structured 4.7 ± 0.5 3.1 ± 0.8 2.7 ± 1.2 2.3 ± 1.1 50.66*** 1 > 2, 1 > 3, 1 > 4 2 > 4
Pictorial sequence A 4.0 ± 0.0 3.3 ± 0.9 2.2 ± 1.3 1.9 ± 1.2 43.00*** 1 > 2, 1 > 3, 1 > 4 2 > 3, 2 > 4 
Discussion
This study shows that the LOTCA is a valid measure of basic cognitive abilities for people with ID. In the following sections, we discuss its psychometric properties.
Scale Design
Our confirmatory factor analysis showed that factor loadings for each item in the LOTCA ranged from .56 to .92, validating the structure of the LOTCA. Our analysis of internal consistency coefficients for the Orientation, Visual Perception, Spatial Perception, Visuomotor Organization, and Thinking Operations subscales ranged from .74 and .86, further validating LOTCA item structure. The low internal consistency correlation for the Motor Praxis subscale (α = .48) reflects the diverse nature of motor praxis (which includes motor imitation, use of objects, and symbolic actions) and involves different types of conceptual errors of movement planning and object interaction (limb-kinetic, ideomotor, or ideational). These results were consistent with those of Cooke, McKenna, Fleming, and Darnell (2006) , who, while studying the validity of the Occupational Therapy Adult Perceptual Screening Test (Cooke, 2004) , found the internal consistency coefficient for its apraxia items to be .30 because of the diverse nature of praxic functions. Despite their low internal consistency, all items were maintained in the original single subscale for motor praxis regarding content validity and the ability to draw correct inferences and conclusions from results (Streiner & Norman, 1995) . We observed significant correlations between each of the six LOTCA subscales. Correlation coefficients ranged from .36 to .73, indicating that not all LOTCA subscales are equivalent. Each of the subscales examined separate constructs of cognition and visual perception while contributing to overall cognition and visual perceptual function. Thus, all subscales were maintained and should be completed to comprehensively evaluate a person's cognition and visual perception. Understanding the interrelationships between the various constructs of cognition and visual perception is necessary for interpretation of results.
Concurrent Criterion Validity
The results of this study provide evidence supporting the LOTCA's concurrent criterion validity. Streiner and Norman (1995) described that criterion validity correlation coefficients should fall in the midrange of .4 to .8. However, in practice, criterion validity coefficients of ≥.60 are considered high, and those between .30 and .60 are considered moderate to good (Innes & Straker, 1999) . The Spearman's rhos between the mean IQ score of the Pictorial IQ test and the mean score of the LOTCA subscales were significant and ranged between .26 and .63. The Spearman's rhos between participants' disability level and LOTCA subscale scores were also significant and ranged between .34 and .47. These results are consistent with the criterion for sound validity described by Streiner and Norman (1995) and Innes and Straker (1999) . The moderate and statistically significant correlations of LOTCA performance with Pictorial IQ test performance and disability level indicated that the LOTCA may serve as an additional measure of cognition and visual perception. In addition, although only 80% of our participants were able to complete the Pictorial IQ test, all were able to complete the LOTCA, indicating the relevance of the LOTCA for use with this population.
Known-Group Validity
With regard to known-group validity, as expected, Thinking Operations was the most sensitive subscale in detecting differences among the ID groups and the healthy group, followed by Visuomotor Organization. According to Itzkovich et al. (2000) , the LOTCA Thinking Operations subscale requires higher mental processes of problem solving, abstraction, concept shifting, logical operation, executive functions, and calculation. Thus, most participants with ID receive no or lowest points on Thinking Operations items. Only people with good cognitive functions can respond correctly to these items. In fact, we found that the Thinking Operations subscale was the only subscale able to discriminate between a hemorrhagic group and an ischemic group after cerebral stroke (Su et al., 2000) . Our study found the Visual Perception subscale to be the least sensitive in differentiating the differences among the groups. Although the Visual Perception subscale detected the differences between the ND and moderate and severe ID groups, it did not differentiate the ND and mild ID groups, suggesting that one should be cautious when interpreting results of the Visual Perception subscale for people with mild ID. This precaution is also true for interpretations of the use of objects item on the Motor Praxis subscale. Only the items of orientation time, overlapping figures, directions on client's body, and drawing a clock were sensitive to the differences between the moderate and severe ID groups. These results indicate that the LOTCA items were able to detect the differences between the ND and moderate and severe ID groups effectively but were unable to detect the differences between the moderate and severe ID groups.
Results also showed that participants with ID completed the Visuomotor Organization subscale and the LOTCA significantly more slowly than did participants with ND. Time to complete the Visuomotor Organization subscale and the LOTCA appears to be a sensitive measure to detect differences between the ID and ND groups and should be considered while administering the LOTCA.
Visuomotor organization consists of copying, drawing, and building and assembling. This subscale involves perceptual activities with motor responses and has a spatial component (Uyanik et al., 1999) . Difficulties in copying or drawing a symmetrical object may reveal unilateral neglect and may provide information about a person's ability to process spatial relations (Cooke et al., 2006; Uyanik et al., 1999) . Disruption of visual attention affects all aspects of the performance of daily activities, especially those that require inspection and integration of significant amounts of visual details (e.g., editing) and those encountered in dynamic environments (e.g., driving; Warren, 2006) . Difficulties in building and assembling indicate a constructional problem and are usually expressed in activities of daily living and in the performance of complicated activities of any kind (Neistadt, 1992; Uyanik et al., 1999) . For example, a person with visuomotor organization problems may have difficulty with tasks such as dressing, writing, cooking, and laundry because of difficulties in sequencing different parts of a task.
Employment is an important indicator of functional outcome and represents a key factor for assessing the effectiveness of rehabilitation programs (Cifu et al., 1997) . Research has indicated that poor performance in cognitive evaluations is an important predictor of limited educational attainment, fewer employment opportunities (Kalechstein et al., 2003; Roberts, Coetzer, & Blackwell, 2004) , less prestigious occupations (Seltzer et al., 2005) , and less-skilled jobs with lower salaries (Seltzer et al., 2005) . Occupational therapists working with people with ID in the area of vocational rehabilitation need standardized assessment tools that are valid for early and accurate identification of perceptual and cognitive impairments. The LOTCA provides a comprehensive profile of visual perception and cognitive abilities important for daily activities. When working with people with ID, using the LOTCA in combination with skilled job analysis of daily work tasks will assist occupational therapists in determining how the separate deficits of visual-perceptual impairment and cognitive dysfunction affect functional task performance. The test results may then document cognitive strengths and weaknesses of the people with ID and indicate how work function may be compromised because of cognitive impairments.
Future Research
Our findings of internal consistency, concurrent criterion validity, and known-group validity show that the LOTCA can be used to evaluate cognitive abilities and visual perception in people with ID. Future psychometric research on the LOTCA is needed to investigate aspects not addressed in this study, for example, predictive validity, responsiveness, or the association of test performance with employment status and community function. s
